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Measuring CDF’s Run I I Luminosit yMeasuring CDF’s Run I I Luminosit y

Introduction
The CLC Detector
Performance
Measurements
Summary / plans

People involved:
Univ. of Florida group ++
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Collider Beam LuminosityCollider Beam LuminosityCollider Beam Luminosity
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Tevatron Luminosity HistoryTevatron Luminosity History
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Run II Parameter List

 
RUN Ib (1993-95)  

(6x6) 
Run IIa 
(36x36) 

Run IIa 
(140x103) 

Run IIb 
(140x103)  

Protons/bunch 2.3x1011 2.7x1011 2.7x1011 2.7x1011  

Antiprotons/bunch* 5.5x1010 3.0x1010 4.0x1010 1.0x1011  

Total Antiprotons 3.3x1011 1.1x1012 4.2x1012 1.1x1013  

Pbar Production Rate 6.0x1010 1.0x1011 2.1x1011 5.2x1011 hr−1 

Proton emittance  23π  20π  20π 20π mm-mrad

 

Antiproton emittance 13π 15π 15π 15π mm-mrad

 

β* 35 35 35 35 cm 
Energy 900 1000 1000 1000 GeV 
# p & p-bar Bunches 6 36 103 103  
Bunch length (rms) 0.60 0.37 0.37 0.37 m 
Crossing Angle 0 0 136 136 µrad 
Typical Luminosity 0.16x1032 0.86x1032 2.1x1032 5.2x1032 cm−2sec−1

 

Integrated Luminosity†

 

3.2 17.3 42 105 pb−1/week

 

Bunch Spacing ~3500 396 132 132 nsec 
Interactions/crossing 2.5 2.3 1.9 4.8  

 

†The typical luminosity at the beginning of a store has traditionally translated to integrated luminosity with a 33% duty factor. 
Operation with antiproton recycling may be somewhat different. 

The luminosity goal for Run IIa is 2 fb-1

♦ Peak luminosity up to 2x1032 cm 2sec 1

♦ Switch to 103 bunches at 1x1032 cm 2sec 1

♦ Length of Run IIa is about 2 years

The luminosity goal for Run IIa+Run IIb is 15 fb-1

♦ Increase antiproton intensity by 2-3

♦ Peak luminosity up to 5x1032 cm 2sec 1

♦ 103 bunch operation

♦ Length of Run IIb is about 4 years
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Luminosity Detector in Run IILuminosity Detector in Run II

Operate at:

L ~2*1032cm-2sec-1 

L

Linear, robust, and with many handles for very high Luminosity
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Techniques for Luminosity  measurementsTechniques for Luminosity  measurementsTechniques for Luminosity  measurements

Use a relatively well known, 
copious, process:

Inclusive inelastic p-pbar cross-
section

large acceptance at small angles

Lf in ⋅=⋅ σµ

• µ = avg. # of interactions/b.c.

• f = frequency of bunch crossings

• = tot inelastic cross-section

• L = inst. luminosity
inσ

Use a good estimator
Measure the  fraction of crossings with p-
pbar interactions (Run 1 “rate” technique)

• Use:                                 prob. of no int.

Direct counting # of p-pbar interactions
Counting particles
Counting time clusters

Cross- calibrate with rarer, clean, 
better understood process:

Need full understanding of tracking, 
particle-id, missing-Et,, trigger, NLO, 
bcknds etc.

Useful for integrated lum abs. normalization

ν,lepW →

Lf clc
inBC ⋅⋅=⋅ αα εσµ~

Use dedicated detector:

( ) µµ −= eP0
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Luminosity  estimatorsLuminosity  estimatorsLuminosity  estimators

➨ Find device/estimator that has best chance at 
smallest: 

µµµ αα ⋅= )(~ s

δ L

L

δ˜ µ →δµ→δL

˜ µ 

µ

Lf clc
inBC ⋅⋅=⋅ αα εσµ~
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Scintillating counters for LuminosityScintillating counters for LuminosityScintillating counters for Luminosity

★ Beam-Beam Counters – used in Run 1:

➤ Segmentation too small for high lum

● 16/side/2.6 units of rapidity

➤ Count “yes” or “no” 

➤ Counting rate saturated already @ 1.8 int./b.c.

➤ Sensitive to all particles

➤ Rate heavily dominated by secondaries

● Cal., beam-pipe, beam halo

➤ CDF’s 10-degree hole now 3-degrees

● more backgrounds…

➤ Performed simulations w/ more segmentation + 
telescopes

● large systematics / random coincidences

➤ Will likely need more handles in Run II:

beam-pipe

scintillators

Need new device…
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➤ Cannot measure rate (or “zeros”) 
in Run 2 accurately enough

➤ Fraction is 0.25% for 6 int. avg:

➤ Systematics on acceptance only 
would  make a precise 
measurement impossible

Need to measure the # 
of p-pbar interactions 
directly !

Luminosity for Run 2: measure directlyLuminosity for Run 2: measure Luminosity for Run 2: measure directlydirectly
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Finding room in CDF IIFinding room in CDF II

Plug Upgrade

Central Muon Upgrade

Central 

Muon 

Extension

Silicon Vertex  

Detector

Forward 
Muon  
Upgrade

Low Beta Quad Low Beta Quad

Low Beta Quad Low Beta Quad

Run I

Run II

Intermediate 

Muon System

plug

beam-beam
counters

10o

3o
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Gas Cherenkov Counters Gas Cherenkov Counters –– basic ideabasic idea

Measure the number of 
p-pbar interactions directly
by counting <number> of 

primary particles

Amp L

single interaction

five interactions avg.

1 part.

1 part.

2 part.

100 p.e.

Amplitude (p.e.)

Amplitude (p.e.)

secondaries
primaries

R vs Z for particles that traverse the counters

Z (cm)

R
 (

cm
)

400 cm

25
 c

m

Amp L
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Pointing Gas Cherenkov CountersPointing Gas Cherenkov CountersPointing Gas Cherenkov Counters

♦ Sensitive to the right particles!

→ Much light for particles from interactions

→ Little light from secondaries and soft 
particles

• Cherenkov thresholds

• Shorter paths

→ Not too sensitive to particles from back 
(halo)

♦ Excellent amplitude resolution

→ Count # hits and # particles

→ No saturation nice linearity

♦ Excellent time resolution

→ Distinguish # of interactions by time

♦ Robustness

→ Radiation hard / low mass

♦ Disadvantages:

→ Needs gas system (small volume)

♦ New idea, more interesting....

From CDF II GEANT simulations w/ real 
geometry and Cherenkov light tracing

Operate @ L=2*10**32  @ ~6 
interactions/beam crossing
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Luminosity counting time clustersLuminosity counting time clusters

Time clusters

σ
0

1

2

3

4

1 2 3 4 5

Measure the number of p-pbar 
interactions using precise timing
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Cherenkov radiation

∫
Isobutane @ 1atm

♦

♦ θ o

♦ 2θ ∼ 0.0027
♦ <ε
♦ ε
♦

Cherenkov Counters – prototypeCherenkov Counters Cherenkov Counters –– prototypeprototype

L
θ

cm 5~ φ

∫

β > 1 / nLight emitted if UV dominated
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CLC prototypeCLC prototype -- TestbeamTestbeam

radiator light yield and collection efficiency
timing resolution
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Geometrical constraints
~ 25 mm diameter (all layers…)

Larger doesn’t fit
Smaller requires large angle collector 

(losses)

Performance
Quartz window

UV transparent
Rad hard
Thin

Less light
Better timing resolution

Timing resolution
Sub 100 ps resolution 

Cost 
…

PMT choicePMT choice

R5800Q Hamamatsu
10-stage / 106 gain

0.8 mm concave-convex
quartz window

25 mm x 60 mm
1.5 ns rise-time

~12 ns pulse width

PMT
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Single p.e. peakSingle p.e. peakSingle p.e. peak

60 m long cables, R5800Q PMT
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Collection EfficiencyCollection Efficiency

➤
➤

➤
➤

➤

➤
➤

~400 nm ~200 nm
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Isobutane Light Yield Isobutane Light Yield -- TestbeamTestbeam

126

Isobutane 
♦ Good UV transparency

♦ Largest refractive index at normal P for common 
gases

♦ Tested other gases: 
etc.  ,SF ,C , C , 268483  62 NFFFC
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PMT Window Light Yield PMT Window Light Yield -- TestbeamTestbeam

quartz 25 p.e./mm

2mm

1mm

radius

PMT

Particles
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Time Resolution Time Resolution -- TestbeamTestbeam

For the R5800Q PMT 
(

σ
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CLC

CDF II crossCDF II cross-- sectionsection
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CLC Mechanical DesignCLC Mechanical Design

48 counters/side
3 layers with 
16 counters each
rapidity coverage 3.7<h <4.7
Isob pressure: up to2atm
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CLC support cylinderCLC support cylinder
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Aluminized Mylar cones Aluminized Mylar cones -- designdesign

2
cos)(

/2

2/

minmax

minmin

c

c

RRL

dR

α
απ
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Light collector (Al)

cone cap
2 layers; 0.1 mm each; 60 nm Al coating

(rad hard)

50 nm Al + 50 nm MgF2



Jacobo KonigsbergJacobo Konigsberg
U.C. seminar, 05/13/02U.C. seminar, 05/13/02

CLC

Outer layer cone + collectorOuter layer cone + collector
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CLC  inner structure assembly (at UF)CLC  inner structure assembly (at UF)
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Quart z f iber bundles: LED Quart z f iber bundles: LED 

calibration systemcalibration system
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CLC The CLC modulesThe CLC modules
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Installation into gas vesselInstallation into gas vessel
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Completed PMT assemblyCompleted PMT assembly
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Completed modulesCompleted modules
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Installed in CDF !Installed in CDF !

1m
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Magnetic ShieldingMagnetic Shielding

“pre-shield”
optimization

B
z 

(G
)

Z (cm)

Individual
Mu-metal shields
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CLC systemsCLC systems

CDF

CLC East CLC West

CCCooolllllliiisssiiiooonnn

   
HHHaaallllll CCCooouuunnntttiiinnnggg///CCCooonnntttrrrooolll

   
RRRoooooommmsss

CLC
Front End
Electronics

Crate

CLC Online
Lumi DAQ

CLC LED
Calibration

System

HV CAEN
SY527/A932N PC

CDF Trigger
Supervisor

CDF DAQ

Ethernet to
Tevatron

70 m coax cable

70 m coax cable

70 m coax cable

Min. Bias
Coincidence

Unit CDF Level-1
trigger

Gas System



CLC
Luminosity Readout & Luminosity Readout & 

Information FlowInformation Flow

CLLD

CLLD

OFFLINE ONLINE
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October 2nd, 2000
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Beam structure: timingBeam structure: timing
T

im
e 

(n
s)

Time (ns) Time (ns)

Collisions main bunch

Collisions satellite bunch
+ losses

396 ns

Losses
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PP-- pbar interactions Z positionpbar interactions Z position
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CLC amplitude distributionCLC amplitude distribution

Single Particle Peak (spp)
Higher CLC occupancy due to more material close to beam
SPP clearly seen after isolation cat useful for calibration !
Great agreement with simulation ! 
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CLC <occupancy> vs. thresholdCLC <occupancy> vs. threshold

Data (color) Data (color) 
Simulation (black)Simulation (black)

Units = spp x 10Units = spp x 10
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CLC Quick look at precise timing Quick look at precise timing 
(low gain)(low gain)

nstime 300~)(σ



Jacobo KonigsbergJacobo Konigsberg
U.C. seminar, 05/13/02U.C. seminar, 05/13/02

CLC Quick look at precise timing Quick look at precise timing 
(higher gain)(higher gain)
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PMT gainsPMT gains



CLC Gain Stability Gain Stability 

stable

stable

After much investigation Helium contamination… reduced gain / new afterpulse-free PMT / lifetime tests
Lum measurements ok, just more work…
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Real Time LuminosityReal Time Luminosity

Delivered Inst. Lum

Delivered Tot. Lum

CDF live Tot. Lum

Best store so far….
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CLC Bunch by Bunch LBunch by Bunch L

Instantaneous                               Total 

Instantaneous                               Total 
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Run II store by Store Inst. Run II store by Store Inst. 

LuminosityLuminosity
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Run II Integrated LuminosityRun II Integrated Luminosity
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Lum Measurements MethodsLum Measurements Methods

For any luminosity measurement method w/CLC
For a defined selection criteria           for a p-pbar interaction to 
be registered in the CLC :

{ } crossingbunch  /  int. of # avg. ~ ααµ =

) (effective σαα εσσ clc
in

clc ⋅≡

Define a collision
♦ { >0 hits in E} .and. { > 0 hits in W} with amplitude > Ao

• Online has fixed thresholds

• Offline we can normalize to single particle peak (spp)

♦ require hits to be in-time

• Online can have gates

• Offline can cut tighter

{ }α

Lf clc
inBC ⋅⋅=⋅ αα εσµ~ frequency crossingbunch =BCf

luminosity inst. =L

{ }α
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Hit Counting MethodHit Counting Method

We need to estimate 
From simulations

Need all relevant material in CDF

Need “correct” generator… 

From real data
CLC vs. calorimeters / trackers

W’s (started !)

Have preliminary estimates of uncertainties

α

α

αεσ ><
><⋅

⋅
=

1
H

H

in

BC

N

Nf
L

= avg. # hits for a single p-pbar 
interaction.

Measured at low luminosity from 0-bias data

= measured avg. # hits/bunch 
crossing

α>< 1
HN

α>< HN
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The total pThe total p-- pbar crosspbar cross-- sectionsection

 
Elastic Scattering

  
Single Diffraction

 

M

  
Double Diffraction

 

M1

 
M2

  

Hard Core 

 

Proton AntiProton

 

PT(hard)

 

Outgoing Parton 

Outgoing Parton 

Underlying Event

 

Underlying Event

 

Initial-State

 

Radiation 

Final-State 
Radiation 

“Hard” Hard Core (hard scattering)

 

Proton AntiProton

“Soft” Hard Core (no hard scattering)

+ +

+

+
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PP-- pbar crosspbar cross-- sectionssections

7.00
(0.50)

10.30 
(0.50)

44.54 
(1.30)

61.90 
(1.40)

[20]

[81.9]

New MBR
MC

10.00 
(0.45)

[51]

60.40 
(1.40)

21.50 
(0.90)

81.90 
(2.30)

CDF 
extrap.
@ 2.0 
TeV

1.29 
(0.20)

9.57 
(0.43)

46.69 
(1.63)

57.55 
(1.56)

17.67 
(1.33)

75.01 
(2.85)

D0 
Exp.

8.1
(1.7) E710

9.46 
(0.44)

[51]

55.92
(1.19) 2%

60.33 
(1.40) 2%

15.79
(0.87)

19.70 
(0.85)

71.71 
(2.02)

80.03 
(2.24)

E811
Exp.

CDF meas.
@ 1.8 TeV

Process 
(mb)

totσ

inσ

hcσ

sdσ

ddσ

elσ
8%
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CLC Absolute normalizationCLC Absolute normalization

inel

dd
dd

d
d

h
h

clc

σ
σεσεσε

ε
⋅+⋅+⋅

=Acceptance:

From CLC MC simulation alone:

hard core
diffractive
double diffractivemb 3.29.81~ ±totσ

mb 4.19.61~ ±inelσ

elσ

mb 5.03.10~ ±dσ
mb 3.15.44~ ±hσ

mb 5.00.7~ ±ddσ
(0 acceptance)

% (0.7) 31.8  

% (0.4) 9.1 

% (0.5) 88.6

=

=

=

dd

d

h

ε

ε

ε

mb 42 ~ clc
in

clc
αα εσσ ⋅=

% 68 ~ clc
αε

MBR
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Reference detector (εR 100%)    CLC+PLUG: εR ~ 94%

CLC acceptance :                                        ~  67% * 94% = 63 %

~7 % difference with pure CLC simulation. But possibly more 
accurate… 

CLC Absolute normalizationCLC Absolute normalization

R

R

clc
clc ε

ε

ε
ε ⋅= 






Measure experimentally Find from simulation

mb 39 ~ clc
in

clc
αα εσσ ⋅=
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CLC Nhit distributions vs. thresholdNhit distributions vs. threshold
Data = redData = red Simulation = blackSimulation = black

MBR hard core only MBR full inelastic

Nhit Nhit

Nhit Nhit

Nhit Nhit

Nhit Nhit

10 % 50 %

100 %

10 %

150 % 100 %

50 %

150 %
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Luminosity Uncertainty Luminosity Uncertainty –– prelim.prelim.

Estimate CLC+PLUG uncertainty < 2% (changing cal thresholds)
Estimate N_hit (single) uncertainty < 2% (from data extrapol.)
Estimate uncertainty due to PMT gain changes < 2%
CDF’s uncertainty in inelastic cross section = 2.3 %
Other ?
Quote Luminosity uncertainty as <10% for now
Target is < 5 % at all luminosities
Plans:
• Need to match simulation with data as well as possible & find the 

right mix
• Above uncertainties are reducible, need more work.
• Cross-check with W’s
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Measuring Luminosity at High LumMeasuring Luminosity at High Lum

µ
µ

expected L in Run II 

<10%

“particles”    hits
Zero bias data 
Simulation
Perfect linearity

Precise high luminosity measurements are feasible !!!
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CrossCross-- check:check:
Luminosity by counting empty crossingsLuminosity by counting empty crossings

“empty” = bunch crossings with no PPbar interactions

probability of empty crossings:

full acceptance detector:

“real” detector:

0 - probability to have no hits in CLC (~10%)

1 - probability to have hits exclusively in one CLC module (~12%) 

More sensitive to beam losses 

Sensitive to pileup at high lum

( ) )12(,,
~

10 )1(
100 −⋅= −− µεεµεεµ eeP

( ) µµ −= eP0
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Empty crossing methodEmpty crossing method

Empty crossings

Hit Counting

D0
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Luminosity with WLuminosity with W leplep,, nunu

Complementary L measurement with 
different systematic error
Cross-section ~2.5 nb 
~ Well known theoretically: 
20%NLO,3%NNLO 
Expected rate (@L=2 1032)  0.5Hz
Trigger&selection efficiency ~25%  

rate of ~0.1Hz
Good for abs. normalization
Not trivial:

+ backgrounds …

TrigEventIDIsoPTrkEtEW TT
eWBWXppLN εεεεεεεενσ η ⋅⋅⋅⋅⋅⋅⋅⋅→⋅→⋅= / ,)()(
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Luminosity with W’sLuminosity with W’s

Luminosity [W] 5.77 ± .50 pb-1

Luminosity [CLC] 5.53 ± .55 pb-1

Preliminary results by Lum group:
Selection criteria:

Central Et electron > 20 GeV
Met > 20 GeV
~Standard electron ID

Pythia total accept ~ 25 %
Use only geom+kin from MC
electron-id, trk eff,  from Z’s
Trigger eff from missing ET trigger

Z

W
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Summary and plansSummary and plans

Established all Lum measurements and accounting
Uncertainty below 10% level
Working on absolute normalization systematics

Generator, Simulation, material, thresholds, etc. etc.

Harder with changing gains
Strong effort in calibrations and operations
Will replace PMTs with [hopefully] more robust ones

Working with W’s for cross- checks
Looks good so far

Expect absolute normalization uncertainty below 5%
Implement and test high lum algorithms later on

Particle counting
Time clusters
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CLC PublicationsCLC Publications

“Luminosity Monitor Based on Cherenkov Counters for P Anti- P Colliders”

Nucl. Instr. & Meth. A441 (366-373), 2000.

“The CDF Run II Luminosity Monitor”

Nucl. Instr. & Meth. A461 (540-544), 2001.

“The performance of the CDF Luminosity Monitor”

Submitted to Nucl. Instr. & Meth. May, 2002.

“The Run II Luminosity Measurement at CDF”

To be submitted to Nucl. Instr. & Meth. May, 2002 + n.
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Light emitted if
At              n needs to be small for small angle 
emission
The number of photons emitted per unith path lenght
is:

★ For              const. over a relevant wavelength interval:

★ For smaller angles, smaller yields (UV dominated)

★ For wavelenghts between 350 to 500 nm: 

★ For scintillators ~ 

β > 1 / n βθ n1/    cos =

β ~ 1

dN

dx
= 2 π α 1 −

1

β 2 n 2 ( λ )

 
 
  

 β n > 1∫
d λ
λ 2

n ( λ )

dN

dx
= 2π α ⋅ sin 2 θ 1

λ 1

−
1

λ 2

 
 
  

 
 

dN

dx
= 390 sin2 θ      photons / cm

170     photons / cm
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Cerenkov lightCerenkovCerenkov lightlight

The number of photoelectrons in a counter:

N p .e. = L
α 2z 2

re me c 2 ε coll ( E ) ⋅ ε det ( E )∫ ⋅ sin 2 θ c ( E ) ⋅ dE
α 2z 2

re me c 2 = 370  cm -1  eV -1

★ n is usually const. over the useful range of photocathode sensitivity, 
therefore:

N p.e. = 370 ⋅ L ⋅ sin 2 θ c ⋅ ε coll(E) ⋅ε det (E)∫ ⋅ dE

★ Using ε det (E )∫ ⋅ dE ≈ 0.27sin 2 θc ≈ 2(n − 1)

N p.e. ≈ 200 ⋅ n − 1( )⋅ L cm[ ] ⋅ ε coll

n − 1 = (no − 1) ⋅
P

Po

★ Pressure dependence:



Cherenkov Momentum ThresholdCherenkov Momentum ThresholdCherenkov Momentum ThresholdCLC

γ factor

momentum (GeV)

primaries

secondaries

all

γ

pions ~ 2 GeV

Cherenkov p threshold

electr. ~ 8 MeV
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36x36 Bunch Structure36x36 Bunch Structure
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CLC timingCLC timingCLC timing

Precise Timing measurements:
Use 1ns TDC (standard CDF)
Use time stretcher circuitry 

~ x 10 stretching factor
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Calibration systemCalibration system

white Tyvec

quartz fibers

• Green-blue bright LED from Ledtronics
• Quartz fiber + Tyvec  reflector
• Pulse generator @ 8 V x ~40 nsec duration   
• 100-500 mV signal for gain calibrations
• About 600 psec r.m.s. signal 
•Use peak  for initial timing  calibration 



Jacobo KonigsbergJacobo Konigsberg
U.C. seminar, 05/13/02U.C. seminar, 05/13/02

CLC

Comparison toComparison to Run IIa GoalsRun IIa Goals

Parameter Value Achieved Comparison to 
Run IIa Goal 

f0 47.713 kHz OK  
B 36 OK 
β* 35 cm OK? 

pN 125×109 46% 

pN 7×109 23% 

V
p

H
p εε = ~20π mm-mrad 100% 

V
p

H
p εε = ~20π mm-mrad 133% 

F 0.63 85% 
L
pε ~4 eV-sec 200% 

L
pε ~4 eV-sec 200% 

L 7×1030 cm−2sec−1 8% 
E 980 GeV 98% 

 

( ) ( )
)1(

,,,3 ,,,
*

*
0

pp

L
ppppyx

p

p FN
BN

f
p εε

σεθβ
εβ

γ
+





=L



Jacobo KonigsbergJacobo Konigsberg
U.C. seminar, 05/13/02U.C. seminar, 05/13/02

CLC Luminosity FormulaLuminosity Formula

    

L = 3γ f0

β * BN
p ( ) N p

ε p

 

 
 

 

 
 

F β *,θ x , y,ε p , p ,σ p, p 
L( )

(1 + εp ε p)

ε
  BN p 
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Cerenkov - 48 chann.CerenkovCerenkov -- 4848 channchann..

★ Some sources of systematics:
♦ Particle multiplicity/interaction

♦ Fraction of secondaries

♦ Source of secondaries

♦ PMT window thickness

♦ Gas index of refraction
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PMT window & electronsPMT window & electrons
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CLC parallaxCLC parallax
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Magnetic ShieldingMagnetic Shielding
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Magnetic Shielding Magnetic Shielding –– “pre“pre-- shield” simulationshield” simulation

“pre-shield”
optimization”

Bz Br
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Cerenkov - 48 chann.CerenkovCerenkov -- 4848 channchann..

★ Some sources of systematics:
♦ Particle multiplicity/interaction

♦ Fraction of secondaries

♦ Source of secondaries

♦ PMT window thickness

♦ Gas index of refraction
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T0 CalibrationT0 Calibration

•Calibration using p and pbar beams

Time 
offset 

w.r.t. a 
reference 
channel

(before 
applying 

T0 
correction)

WESTWEST

EAST EAST

Time 
offset 

w.r.t. a 
reference 
channel

(after 
applying 

T0 
correction)



Jacobo KonigsbergJacobo Konigsberg
U.C. seminar, 05/13/02U.C. seminar, 05/13/02

CLC

Reference ProcessesReference Processes

Process of inelastic PPbar scattering
Large x-section:                                          (CDF)

Total x-section is measured also by E710 and E811 
(2.8σ discrepancy with CDF)

Process: W 

)  0.5Hz  (good for integrated L)
Trigger&selection efficiency ~25%  (rate of ~0.1Hz after cuts)

LfR clcinelBCpp ⋅⋅=⋅= εσµ µ
σ
ε

LR lWlWlW ⋅⋅= →→→ ννν εσ

mbinel 4.14.60 ±=σ
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CLC effective inelastic xCLC effective inelastic x-- sectionsection

New Simulation
Straight acceptance

Data (CLC+plug 
accept from old sim.)

CLC/(CLC+plug)

Old simulation

MBR+3 Xo

CLC/(CLC+plug)

Old simulation
MBR + 3 Xo

Straight acceptance

Method

40.536.9

38.6 35.2 

42.438.2

38.335.8

CLC

X-sec (mb)

3 layers

CLC

X-sec (mb)

2 layers

Notes:
Span in x-sec is 10%
So maybe error is ~ +-5 % ?
Needs more time to settle and to 
decide what’s “more correct”
MBR inelastic is 44.4 mb ~ 
measured by CDF
Pythia gives ~9% smaller
CLC acceptance for hard-core 
(@500 ADC) is ~90%. Is ~95% for 
lower threshold.
Need to match simulation with data 
as well as possible & find the right 
mix 

• Used 500 ADC thresholds in CLC
• Used 3 GeV threshold in plug
• East and West coincidence in both
• CLC+ plug acceptance in MC = 94%
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Real Time LuminosityReal Time Luminosity

Delivered Inst. Lum

CDF live Inst. Lum

Delivered Tot. Lum

CDF live Tot. Lum

Loose min bias rate

Tight min bias rate
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CLC CLC Min. Bias Trigger

•Min. bias trigger requires at least 1 hit from East AND West CLC modules

•Loose time gate used to reduce losses contributions

•CLC min. bias trigger efficiency is studied with using orthogonal triggers to tag 
min. bias events

•L1_CEM0_PT4, L1_CMU0_PT8

•L1_CEM4_PT4, L1_CEM8_PT8

•L1_CMU1.5_PT1.5, L1_CMU6_PT8

• =

• =hc
trigε meas

tagε
meas
tagε Ntrig*tag/Ntag

/(1 - floss
tag - fnon-empty

tag)

Efficiency for tagging on hardcore 
events (corrected for losses and 
non-collision events, and 
assuming negligible diffractive 
contributions in tagged events)
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CLC CLC Min. Bias Trigger

•Min. bias trigger efficiency 
determined from samples of 
events passing Level-1 muon
triggers

•Min. bias trigger efficiency as 
function of the sum of track Pt in the 
central region (-1< η <1)

•Simulated trigger efficiency (req tag 
in CCAL > 10 GeV) is ~98% 

~97.5%

~97%

0-Bias Trigger

L1_CEM0_PT4

0.9

1.0

0.5

Run #

Pt (GeV)
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W crossW cross-- sectionssections
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PMT lifetime testsPMT lifetime tests
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